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Gross embryology of a monotrysian heteroneuran moth, Stigmella 
castanopsiella Kuroko (Nepticulidae, Lepidoptera) and its phylogenetic 
significance 
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Abstract The formation of the germ disk and embryonic membranes and changes in the 
shape of the developing embryo of a monotrysian heteroneuran moth, Stigmella castanopsiella, 
were described for evaluating the systematic position of the family Nepticulidae within the 
Lepidoptera from the embryological standpoint. The mode of the embryonic development of 
this species, as a whole, was very similar to that of higher ditrysian species, but differed from 
that of primitive homoneuran species. In particular, the amnion and serosa of S. castanopstella 
were suggested to be formed in the same fault-typed manner as that of ditrysian species, and 
the embryo of this species developed under the immersed condition in the yolk as commonly 
observed in ditrysian eggs. These embryonic characters are considered as apomorphic ones 
shared by the Nepticulidae and Ditrysia, and consequently these embryological findings added 
further weight to the view that the Heteroneura are monophyletic. 
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Introduction 


According to the condition of the wing venation, the Lepidoptera can be divided into two 
groups, the Homoneura and Heteroneura, although the former is not considered as a 
monophyletic taxon. On the basis of the structure of the female genitalia, the latter is 
further subdivided into two groups, the monotrysian heteroneuran families (formerly 
called Monotrysia) and the monophyletic taxon Ditrysia having the genital apertures of 
the ditrysian condition. The family Nepticulidae, to which Stigmella castanopsiella 
belongs, is one of the former families. The monotrysian heteroneuran families can be 
grouped into four monophyletic superfamilies, 7. e., the Incurvarioidea, Nepticuloidea, Palae- 
phatoidea, and Tischerioidea. Davis (1986) considered Tischerioidea to represent the 
sister group of the Nepticuloidea, while Nielsen (1991) proposed that the Palae- 
phatoidea+ Tischerioidea are the sister group of the Ditrysia; thus the phylogenetic 
relationships among these taxa remain unsolved. 


The Ditrysia are the most advanced, higher Lepidoptera whose embryogenesis is well 
known. In recent years, the embryonic development of the primitive homoneuran 
Lepidoptera, such as Neomicropteryx, Eriocrania, Endoclita, and Mnesarchaea, also 
became evident in a series of our works (Ando and Tanaka, 1976, 1980; Ando and 
Kobayashi, 1978; Kobayashi and Ando, 1981, 1982, 1983, 1984, 1987; Kobayashi and 
Gibbs, 1995 ; Kobayashi et al., 1981; Tanaka et al., 1985), and the embryological infor- 
mation has made possible to evaluate the phylogenetic relationships among the Ditrysia 
and these primitive Lepidoptera (Kobayashi and Ando, 1988). From the comparative 
embryological standpoint, it is an interesting subject of study to know whether the mode 
of embryonic development of the monotrysian heteroneuran species is similar to that of 
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the Ditrysia or the Homoneura. However, the embryological information on these 
species is almost lacking, although the unpublished embryological data of S. castanopsiel- 
la have appeared fragmentarily in our article cited above. In the present paper, I will 
describe the gross embryology of S. castanopsiella, and discuss its phylogenetic 
significance. 


Materials and Methods 


Stigmella castanopsiella is a minute moth whose larva is a leaf-miner. Its eggs are 
deposited singly on the upperside of the leaves of the host plant, Castanopsis cuspidata 
Schotky, in late May. In natural conditions, the larvae hatch out in mid-October of the 
year (Hisai, 1982) ; thus the egg period is about 135 days (4.5 months). The eggs undergo 
summer diapause dependent on a high temperature in summer (Kino, 1981). 


The eggs at various developmental stages were collected at the National Park for 
Nature Study in Tokyo, Japan, from May to October of 1982. Most of them were fixed 
immediately in alcoholic Bouin’s solution or FAA at room temperature, mounted in 
paraffin, sectioned at 7 um, and stained with Delafield’s hematoxylin and eosin. To 
observe the external shape of the embryos and its changes in living state, several eggs 
were mounted in liquid paraffin, and observed under a differential interference micro- 
scope. 


Observation 


(1) Egg 


The newly laid eggs of S. castanopsiella are whitish yellow, and flattened ellipsoidal, 
about 0.4 mm in length, 0.3 mm in width, and 0.06 mm in thickness. The egg length and 
width are constant throughout the egg period, while the thickness increases to about 0.1 
mm as development proceeds. The chorion is dense and almost transparent, and of 
about 10 ym in thickness. At the anterior pole of the egg (either end of the apse line), 
four micropylar canals are observed. 


(2) Formation of blastoderm, germ rudiment and embryonic membranes 


At 3 days after oviposition, most of the cleavage nuclei or energids reach the periphery 
of the yolk ; consequently a thin blastoderm forms at the egg periphery. A few energids 
remain in the yolk to become the primary vitellophages. 


At 5 days, the blastoderm cells on the ventral side of the egg (side attached to the leaf) 
divide actively by mitoses and form a slightly thick germ disk, whereas those on the 
dorsal side (extraembryonic area) hardly cleave (Fig. 1). The cells of the germ disk then 
become columnar and congregate to the mid-ventral part of the egg, forming a small and 
circular germ rudiment. At 7 days, the germ rudiment slightly sinks into the yolk. 
Although the exact process of the formation of the serosa and amnion was not observed 
in the present study, as the germ rudiment sinks into the yolk, the extraembryonic area 
is probably cut off along the margin of the germ rudiment, and spreads over it to become 
the serosa (Fig. 2). The amnion seems to proliferate from the margin of the germ 
rudiment after completion of the serosa (Fig. 3). The yolk cleavage occurs after comple- 
tion of the germ rudiment, and the yolk is divided into many spherical masses each 
enclosed with a delicate yolk membrane (Fig. 4). The eggs then enter summer diapause, 
that is, no further changes occur in the shape and size of the germ rudiment until early 
in September. 
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Fig. 1. Longitudinal section of 5-day egg of Stigmella castanopsiella. Fig.2. Cross 
section of 7-day egg of S. castanopsiella show- ing germ rudiment and formation of 
serosa and amnion. Fig.3. Cross section of 7.5-day egg of S. castanopsiella show- 
ing germ rudiment and completed serosa (eea: extraembryonic area, gd: germ 
disk, gr: germ rudiment, ram: rudimentary amnion, rse: rudimentary serosa, se: 
serosa, vitp: vitellophage, y: yolk). 


(3) Changes in external shape of embryo 


Early in September, the germ rudiment comes out of diapause, and elongates antero- 
posteriorly to become the germ band or embryo curled dorsally (Fig. 5). The germ band 
then increase in length and width, and a bilobed protocephalon and a slender protocorm 
become apparent (Figs 6,7). In sections, the germ band at this stage is observed to be 
immersed completely into the yolk. In mid-September, the labral lobes, antennal rudi- 
ments, rudimentary mandibular, maxillary, and labial appendages appear in the ce- 
phalognathal region (Fig. 8). The stomodaeal opening is observed in the mid-posterior 
part of the protocephalon. However, the thoracic appendages are rudimentary and 
obscure. The posterior end of the abdomen strongly curls dorsally. As the germ band 
grows, its cephalognathal region twists ventrally, so that the ventral side of the ce- 
phalognathal region faced toward the attached surface of the egg. Meanwhile the yolk 
membranes enclosing yolk spherules gradually disappear, thus the yolk cleavage breakes 
down completely (Fig. 9). In late September, the embryo accomplishes revolution (Fig. 
9); that is, the posterior segments of the embryonic abdomen are first turned ventrally 
causing the abdominal end to shift anteriorly, and finally the end reaches the level of 
anterior end of the head. This process proceeds in the yolk, hence many yolk droplets 
are observed around the embryo even after the completion of revolution. The amnion 
and serosa do not rupture at the time of or after revolution, and consequently the 
secondary dorsal organ is not formed. 


Soon after revolution, all gnathal appendages project forwards and the dorsal closure of 
the embryo is completed. Several days after revolution, the mandibles become brown 
and the embryo begins to eat surrounding yolk materials left outside the embryo after 
the dorsal closure (Fig. 10). Peristalsis of the midgut is frequently observed accompany- 
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Figs 4-11. Embryonic development of Stigmella castanopsiella. 4. 7-day egg showing small 
germ rudiment. 5. About 100-day egg showing embryo just aroused from summer 
diapause. 6. About 105-day egg showing elongated embryo. 7. About 110-day egg 
showing formation of appendages in cephalognathal region. 8. About 115-day egg 
showing completion of cephalognathal appendages. 9. About 125-day egg showing 
revolution of embryo. 10. About 130-day egg showing ingestion of residual yolk 
around embryo. 11. About 135-day egg showing full-grown embryo just before hatch- 
ing (ab: abdomen, abl0: 10th abdominal segment, am: amnion, at: antenna, ch: 
chorion, gb: germ band, gr: germ rudiment, lb: labial segment, Im: labral lobes, md: 
mandibular’ segment, mg: midgut, mp: micropyle, mx: maxillary segment, pce: 
protocephalon, pco: protocorm, proct: proctodaeum, se: serosa, stom: stomodaeum, 
th: thoracic segment, thl: prothorax, y: yolk). Scale, 100 um. 
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ing the ingestion of the yolk. In mid-October, soon after the residual yolk is eaten by 
the embryo (Fig. 11), the full-grown embryo or the first instar larva gnaws off the chorion 
with the mandibles, and eats into the tissue of the host plant on which the egg is 
deposited. The amnion and serosa seem to be ingested by the embryo shortly before 
hatching. 


Discussion 


The remarkable feature in the early embryonic development of S. castanopsiella is the 
formation of a very small and circular germ rudiment by the marked congregation of the 
broad germ disk at the ventral side of the egg. In the ditrysian lepidopteran eggs, the 
germ disk is also broad at the time of its formation, but it is immediately cut off from 
the extraembryonic area, and slightly sinks into the yolk. The germ disk then becomes 
somewhat compact to form a large, cup-shaped germ rudiment. Thus the congregation 
of the germ disk to form a small germ rudiment as observed in S. castanopsiella does not 
occur at the egg periphery. Since a similar small germ rudiment is formed in the eggs 
of Neomicropteryx and of Endoclita, this feature is thought to be primitive, although in 
these genera the germ rudiment is formed by the deep invagination of the germ disk 
(Ando and Tanaka, 1976, 1980 ; Kobayashi and Ando, 1982). In this respect, therefore, S. 
castanopsiella is different from the ditrysian species, and its eggs are regarded as retain- 
ing the ancestral condition of the ditrysian eggs. 


The increase in the egg volume of S. castanopsiella is considered as another primitive 
character, because this phenomenon occurs in many hemimetabolous insects, and in the 
Lepidoptera it has been observed in the homoneuran Neomicropteryx and Eviocrania and 
the monotrysian heteroneuran Nemophora raddei (e. g. Kuroko, 1961) but has not been 
observed in all ditrysian eggs. The eggs of Neomicroptervx and Eriocrania have 
hydropyle cells which probably function as absorbing water from the outside and thus 
result in the increase in the egg volume. In S. castanopsiella, however, the cells were not 
found. 


The exact process of the formation of embryonic membranes in S. castanopsiella was not 
observed, but the membranes seem to be formed in the same manner as observed in the 
ditrysian eggs; that is, after the germ disk is cut off from the extraembryonic area, the 
serosa is completed by the spread of the extraembryonic area over the ventral surface 
of the germ disk, and then the amnion is formed independently by the reflexed extension 
of the edge of the germ disk. This manner of embryonic membrane formation, called 
a fault type (Kobayashi and Ando, 1988), is unique in insect embryogenesis, thus supposed 
a synapomorphic character shared by the Nepticulidae and Ditrysia. 


So far as it is observed externally, the mode of the embryonic development of S. 
castanopsiella after summer diapause is very similar to that of the ditrysians, such as 
Chilo suppressalis (e. g. Okada, 1960) and Epiphyas postvittana (e. g. Anderson and Wood, 
1968), of which eggs are also flattened ellipsoid like those of S. castanopsiella, and no 
essential differences are detected among them. In these flattened eggs, as well as other 
spherical, upright ditrysian eggs, the embryo develops under the completely immersed 
condition in the yolk until just before hatching. The yolk remaining on the periphery of 
the egg is eaten by the full grown embryo. In the homoneuran species, on the other 
hand, the embryo assumes a nearly superficial position throughout development, although 
the posterior abdominal region of the young embryo of Neomicropteryx is temporarily 
immersed in the yolk. The superficial position of an embryo is widely distributed 
throughout holometabolous insects and is thus regarded as a generalized or plesiomor- 
phic character, whereas the immersed condition is considered as a highly specialized or 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


Embryology of Stigmella castanopsiella 199 


apomorphic one only observed in the Nepticulidae and Ditrysia ; thus forming another 
synapomorphy of these taxa. 


In conclusion, although there are some primitive characters, such as the formation of the 
small germ rudiment and the increase in the egg volume, the mode of the embryonic 
development of S. castanopsiella, as a whole, closely resembles that of the Ditrysia, but 
differs from that of the homoneuran Neomicropteryx, Eriocrania, and Endoclita. 
Furthermore, the separation of the Heteroneura from the homoneuran taxa and the 
resultant monophyly of the Heteroneura will be supported by the possible two embryonic 
synapomorphies or autapomorphies ; (1) the fault-typed formation of embryonic mem- 
branes, (2) the embryo develops under the immersed condition in the yolk. However, in 
order to resolve the problem of the phylogeny of the monotrysian Heteroneura and their 
relationship with the Ditrysia, we need to make further observations on the embryonic 
development of other taxa, for example, the members of the Incurvarioidea, Palae- 
phatoidea, and Tischerioidea. 
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WISE, INADA, ALANA, BEVIVEVAREOW DO ARARA Z REOM EDH > D> 
Zanan, CHEOBMLMBEO EL < MONTHS CORPMRUIAD, WEFAN db 
aml OnAKDWRore. LML, E7AVFEHPROBTAYDY 4 HPI (Monotrysia) OH 
AIZOW CREE KEDRRMEILRY. RRC, COB BTAZYAETAVFED Stigmella cas- 
tanopsiella ORE OME ENS k VR EINOBMSR ice & eM UZ. 


KEOS AlICBRHOASY YA OBORRMICLMOCH Tans. MaR 0.4mm, AE 0.3 
mm, Æ à 0.06 mm OFewoBAARC, BEDEDIZONT, B&OAD(1 mm ZÆ#KT A. I 
PARISH 45 AT, INI OPRIR 10 Hk? A. POSES ENR 3 AB icSERL, 5 
HEZ NAS iz RAS RS NA (Fig.1). RPS CHBHOPRRicHtHUABRKORRE 
LRAD, (OM, MEH CML OBRRSON TC, BBO BOBMTHS k> RLT 
HERDS FP SCHL, ŽRK aN l aá ERR nA Z hR Ny (Figs2,3). OB, WR 
ER hè zii ED) Laro, TORRET APA E TRIRZA Z (Figs 4,5). RIE? ò% 
DICARISINB HIT A TR CARI RRL, KORA rT ERTAR ERT A (Figs 6- 
11). M & ERS AS DRS REEL, Leo CTI KB AES NZA. £7, MRIS 
BAECS b ROMINA L, CnlsseRm lRMSMBIZ ko CREST SE TREACA 
KAVA. 


ASHE O SNE, NS 2 PREDSIE RS 1S A PINORRDIEAS 3S CRRA CHER PRL TaD, 
FREE OARS AIRE UL CANAD PAV EV BE EO RAN EIRO HERA EO b OMEN 
ITE TS. CODD, WARE CR PROP RRA RCRA Cane EBETA 
Bpn4an?, WEM E CMON BHICMAPKECHETAZ AL, KELOR BU 
ZAARILBEA LARS LER. LeMot, SHBSnrKeZMAhls, KMLSE Vo 
bw 4 MP & PPADS EASED Heteroneura MRIS LD AML PIU. 
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